The paper deals with the vector control and predictive control of the induction motor. For the vector control, the rotor flux oriented one is pointed out, with highlight on the voltage source inverter type. The influence of the most important parameter variations (e.g. stator resistance) is discussed. A simple (and practical) method for avoiding these influences is presented, based on proper simulation models. Following the basics of the predictive control, a simulation model for this type of command is presented, together with simulations results. Finally, the results are cross analysed and further actions are proposed the work continuation.
INTRODUCTION
On one hand, since the basic work concerning torque and field control due to Leonhard, Blaschke and their followers in the 1970s, the AC drives became a competitive technology with respect to the traditional one, based on DC drives. In rotating references, solidar with the rotor flux, stator flux or magnetizing flux respectively, there is an obvious decoupling between the two components of the stator current: while the direct component acts on the flux modulus only and produces the reactive component, the quadrature component generates the torque, being the active component. The two components of the stator current may be thus controlled independently and the flux and torque generation are thus decoupled, similarly to the DC motor. Due to results simplicity, the rotor flux orriented control has imposed almost as a standard. From here, two types of control were engineered. On one hand we have the direct control drives, where flux position and modulus are known while the reactive and active components of the stator current are computed in the proper reference frame using the set-point torque and flux. On the other hand we have the indirect control drives, where the slip frequency is computed and imposed without direct knowledge of the flux, while the reference system change from the flux-reference to stator-reference one is performed by integration of the sum of the motor speed and the speed corresponding to the computed slip (Casadei et al. 2002 , Vas 1998 . A very simple method for the toque control is also the Direct Torque Control (DTC), suited for electrical traction applications (Takahashi and Noguchi 1986 , Baader et al. 1992 , Ehsani et al. 1997 , Faiz et al. 1999 , Haddoun et al. 2007 , Ivanov 2009 , Ivanov 2010 . On the other hand, the increased computational capabilities of the existing DSP allow the implementation of the predictive control at the level of the converters which induce the hybrid character of the overall control system of the drive. We infer that predictive control has established itself in the last 5-7 years as a very proficient form of controlling highly nonlinear and uncertain systems; moreover the most recent results show its applicability to fast processes among which drives and their converters have a central position (Seo et al. 2009 , Prieur and Tarbouriech 2011 , Geyer et al. 2008 , Mariethoz et al. 2010 , Geyer et al. 2009 , Trabelsi et al. 2008 , Shi et al. 2007 , Rodriguez et al. 2007 , Larrinaga et al. 2007 , Richter et al. 2010 , Almer et al. 2010 . The paper will briefly present in the first section the basics of the vector control for the rotor flux oriented control for voltage source inverter, with highlight on the influence of the parameters variations on the drive performance. A simple method for reducing these influences will be discussed based on appropriated models. The basics of the predictive control will be presented in Section 2. Section 3 will analyse the predictive control applied to the induction motor, based also on a Simulink model. Finally, conclusions will be issued and ideas for continuation will be pointed out.
VECTOR CONTROL OF INDUCTION MOTOR
As stated above, the vector control strategy most often used is the rotor flux oriented one. The reasons reside in the simplicity of the expressions resulted from the rotor voltage equation which mainly gives the rotor flux speed and further, by integration, the rotor flux position, used 
where R r is the rotor resistance, r r i is the rotor current, m is the rotor flux speed, is the mechanical speed of the rotor and P is the number of pairs of poles. The subscript highlights that (1) 
The rotor current r r i , being immeasurable for the squirrel cage motor, is expressed in terms of the stator current s r i and the magnetizing one. By denoting the 
L r being the total rotor inductance which includes the
. By identifying the terms on each of the axes d, q, the following two expressions result which are the simplest among all the vector control types
We notice from (4) that if the flux is kept constant ( ct.
As the electromagnetic torque expressed in the rotor flux oriented frame is
from (5) and (6) results that the slip speed (term 2 in (5) 
where 
We notice from (8) and (9) 
The second term of each equation will determine the structure of the so called decoupling circuit (Fig. 1) .
Results of the simulation of step start followed by a speed reversal are plotted in Fig. 2 . Even there are some transients when the speed reference changes, the overall behaviour is good. In simulation everything seems to be perfect. In practice, the decoupling circuit raises two problems. On one hand, by considering only the value of the stator resistance in (10) and (11), the "parasitic" voltage drops (on semiconductors, cables, DC circuit in high dynamics) are neglected. The consequences are evident on the final currents. Fig. 3 .a plots the reactive and active currents obtained by experiment. We notice that the both currents do not follow the preset values and consequently, the torque is about one half of the expected one. Experimentally increasing the value of the resistance used in (10) and (11), the two currents reach the preset values ( Fig. 3.b) and the developed torque attains the expected value. But these results are obtained with a value of the stator resistance double that in previous case. This observation raises another question: what happens in practice when the real resistance of the motor changes (increases) during the operation due to the temperature. This is the type of control industrially implemented, for example in the dsPIC30F from Microchip. By using in the motor model different values of the stator resistance (alteration due to the temperature for example), the results do not change almost at all. This observation leads to the conclusion that this type of control is much less sensitive to the parameters' variations. 
BASICS OF PREDICTIVE CONTROL
The model predictive control is a control technique which has been successfully implemented in industry. The predictive control techniques were used to control both continuous as well as discrete systems (Camacho and Bordons 2004 , Bemporad 2007 , LazMr 2006 , Maciejowski 2000 , Stinga 2012 ). The predictive control is derived from optimal control, yet, in this case the optimal control problem involves additional constraints. The predictive control techniques require solving an open loop optimal control problem, taking into account constraints on input, state and/or output variables. At every moment k, the measured variables and the model of the process are used to compute (to predict) the future behaviour of the system over a prediction horizon N (Fig. 6 ).
Figure 6: Evolution of System Output Using Predictive Control Strategy (Stinga 2012) This task is accomplished by determining a set of future control inputs such that the objectives and the system constraints are satisfied. The control input is determined by minimization of a cost function over a time horizon N c . Generally, the cost function used in predictive control is defined as follows: The simulation of the control system for the same operation as in Fig. 2 and 5 determined the evolutions plotted in Fig. 9 . This time, the currents plot displays the ( , ) components. It is noticed that the general behaviour of the drive keeps good shapes for the plotted signals.
CONCLUSIONS
The paper describes some control possibilities for the induction motor. The rotor flux vector control is analysed and the influence of the stator resistance variance is discussed. A control diagram which avoids the effects of these variations is presented and simulated. The results plotted in Fig. 5 emphasis good dynamic behaviour. For the considered motor (55 kW), the acceleration time up to the rated speed is only 0.65 seconds. Further, the model predictive control of the induction motor is analysed. The goal of the research is to implement the predictive control for an industrial drive which will be offered on the market. The results of the simulation, presented in Fig. 9 highlight the behaviour of the drive. The dynamic performances are slightly reduced (acceleration time 0.8 seconds), but the advantages of the sensorless control must be underlined. Further research will be focused both on the improvement of the dynamic performances and on the stability study and immunity to the parameters variations. 
